Seasonal variation in prepubertal penile growth has not previously been studied. The present study assessed the influence of daylength and androgens on penile development in the Siberian hamster (Phodopus sungorus). Adult penile masses were achieved at 18 and 8 weeks of age in hamsters maintained from birth under short (10 h light: 14 h dark) versus long (14 h light:10 h dark) daylengths, respectively. Insulin-like growth factor I concentrations, previously implicated in penile growth, did not differ between hamsters maintained in short versus long daylengths. Gonadectomized juvenile males maintained in short and long daylengths and administered testosterone attained adult penile masses well in advance of untreated gonadintact males maintained in short daylengths. Hamsters from both photoperiods, castrated as juveniles and first treated with testosterone in adulthood, also achieved adult penile masses. The photoinhibited gonad is insufficient to promote penile growth, and prepubertal gonadal secretions during short daylengths are not necessary for eventual penile development. Among young born near the end of the mating season, onset of neuroendocrine refractoriness to short daylengths at about 100 days of age and subsequent gonadal development induces growth in all reproductive tissues. Timing of puberty and increased androgen secretion controlled by daylength are the primary determinants of postnatal penile growth, which may also be affected by prenatal and early postnatal organizational actions of androgens.
Introduction
Testicular androgens influence mammalian penile growth during fetal development and peri-pubertally (Williams-Ashman, 1990 ). Penile growth ceases on completion of puberty in humans and rats (Gonzalez-Cadavid et al., 1991) . Phallic size is substantially smaller in hypogonadal individuals or those castrated prepubertally than in normal individuals. A very short penis is a major cause of deficits in the mating behaviour of rats deprived of testicular androgens early in life; penile length and mass are highly correlated (Beach et al., 1969; Hart, 1974) . In addition to androgens, insulin-like growth factor I (IGF-I) has been implicated in penile growth on the basis of clinical reports (McMahon et al., 1995; Laron and Klinger, 1998; Laron, 1999; Le Roith et al., 2001a,b) and in vitro studies (Liu et al., 2001) . The mechanisms by which exogenous IGF-I treatment affects penile growth are enigmatic (Butler and Le Roith, 2001; Le Roith et al., 2001a,b) .
Previous animal models of mammalian penile development have been restricted to species that do not show seasonal variations in onset of puberty. Variation Email: jhp@socrates.berkeley.edu in daylength profoundly affects the timing of sexual maturation of temperate zone mammals (Foster et al., 1988; Ebling and Cronin, 2000; Gorman et al., 2001; Prendergast et al., 2002) . In rodents, offspring born before and after the summer solstice typically reach puberty at approximately 5 weeks and 5 months of age, respectively (Horton, 1984a,b; Gorman and Zucker, 1998) . To the authors' knowledge, the timing of penile growth and the influence of seasonal differences in daylength on phallic development have not been assessed in any seasonally mating mammal. The present study sought to specify how timing of birth within an extended mating season and hormones interact to control development and maintenance of reproductive structures in the Siberian hamster (Phodopus sungorus).
Androgen concentrations in the Siberian hamster are comparable on day 5 after birth in males housed under either a short-day (SD) or long-day (LD) photoperiod; after day 20, however, SD males maintain low basal androgen concentrations for several months, whereas concentrations increase markedly in LD animals (Yellon and Goldman, 1984) . Low androgen concentrations sustained by SD prepubertal male Siberian hamsters restrain gonadotrophin secretion (Simpson et al., 1982) , but neither support growth of the seminal vesicles and ventral prostate glands (Schindelmeiser et al., 1988) nor induce spermatogenesis (Hoffmann, 1978) ; their effect on penile growth has not been assessed.
It is not known whether the reduced androgen concentrations sustained by the immature testes of hamsters housed under short daylengths support penile development before puberty, or influence penile growth rates at the time of puberty. Organizational actions of androgens secreted by the fetal and early postnatal testis may be necessary to induce subsequent penile responsiveness to testosterone and 5␣-dihydrotestosterone. The present study assessed whether the reduced steroidogenic activity of the SD testes is sufficient to sustain moderate penile growth, even if complete reproductive development awaits pubertal increases in androgen secretion. The Siberian hamster is a useful model system for investigating the interactions of pre-and postnatal androgens and environmental factors in penile development.
Materials and Methods

Animals
Siberian hamsters (Phodopus sungorus) from the local mating colony were descended from stock supplied by K. Wynne-Edwards (Queen's University, Kingston, Ontario). Males were gestated and maintained under either a SD photoperiod (10 h light:14 h dark) or a LD photoperiod (14 h light:10 h dark). Hamsters were weaned at either 15 or 18 days of age and then housed individually in polypropylene cages (25 cm × 14 cm × 12 cm). Food (Purina rodent chow 5015) and water were provided ad libitum, and an ambient temperature of 22 ± 2
• C was maintained. All procedures were approved by the Animal Care and Use Committee of the University of California at Berkeley (Protocol R-084).
Experiment 1
Male hamsters, gestated and maintained under either a SD or LD photoperiod, and weaned at 18 days of age, were killed at 20, 40, 60, 80, 100, 120 or 140 days of age (n = 10 per group except for SD animals at 80 and 120 days of age (n = 7) and LD hamsters at 120 days of age (n = 9)). One LD male at 120 days of age was considered an outlier as it had undeveloped gonads (paired testes mass of 17.2 mg compared with mean paired testes mass of 565.0 mg for the other males in the group). Data pertaining to this hamster were excluded from the statistical analyses. Radioimmunoassay of IGF-I was performed for samples taken from animals at 20, 40, 60 and 140 days of age (n = 5 per group).
Experiment 2 LD males were castrated (n = 11) or sham-castrated (n = 10) at 15 days of age and provided with blank Silastic capsules (Dow Corning, Midland, MI; inner diameter 1.98 mm, outer diameter 3.18 mm); a third group of males (n = 8), also castrated at day 15, received capsules filled with testosterone. SD males were treated in a similar way (n = 7 for each group). Tissues were harvested and blood samples were collected at 80 days of age.
Experiment 3
LD and SD males were castrated at 15 days of age and either given a blank capsule (n = 8 and n = 3, respectively) or a testosterone-filled capsule (n = 6 and n = 3, respectively) at 80 days of age. Other LD (n = 9) and SD (n = 5) males were sham-castrated at 15 days of age and provided with a blank capsule at 80 days of age. Tissues were harvested and blood samples were collected at 140 days of age.
Experiment 4
LD males were sham-castrated (n = 9) or castrated (n = 8) and administered a blank capsule at 80 days of age, or castrated (n = 9) and given a testosterone-filled capsule at 80 days of age. Tissues were extracted and blood samples were collected at 140 days of age.
Surgical procedures
Male hamsters were anaesthetized with an i.p. injection of a ketamine mixture (21.0 mg ketamine ml − 1 , 2.4 mg xylazine ml − 1 , 0.3 mg acepromazine ml − 1 ; 0.34 ml per 100 g body weight) before castration and tissue extraction. Castrations were performed via a midline incision; the testicular artery was ligated; the testis was excised and the wound closed with sterile sutures. Hamsters were injected s.c. with the analgesic 5% buprenorphine (0.05 ml per animal), after surgery.
Tissues were extracted between 13:00 h and 17:00 h. Body weight was recorded (± 0.1 g) and the penis, testes, seminal vesicles (fluid not drained) and ventral prostate glands were removed under a dissecting microscope and weighed (± 0.01 mg). Surrounding subcutaneous tissue was removed before dissecting the penis at the base of the shaft adjacent to the pubic bone. When the fluid of the seminal vesicles was drained, mass values similar to those found by Anand et al. (2002) were obtained (J. H. Park, unpublished). Trunk blood was collected between 13:00 h and 17:00 h for subsequent determination of concentrations of IGF-I and testosterone.
Hormone replacement
Silastic capsules (Dow Corning) were filled to a length of 4 mm with crystalline testosterone (Sigma, St Louis, MO), and the ends of the capsules were sealed with silicon rubber cement. Hormone-filled capsules of this size generate serum concentrations of testosterone similar to those recorded in gonad-intact male Siberian hamsters (Bartness, 1995; Mauer and Bartness, 1995) . Blank capsules were prepared in a similar way, but were left empty. Blank and testosterone-filled capsules were incubated separately in saline for 24 h before insertion. Capsules were placed s.c. in the interscapular area via a small incision that was closed with a wound clip. Hamsters were anaesthetized with isoflurane vapour (Aerrane; Fort Dodge Animal Health, Fort Dodge, IA) before implantation of the capsules.
Non-responder exclusions
Whereas the majority of Siberian hamsters maintained under short photoperiods retain small undeveloped testes until at least 100 days of age, a minority fail to develop the typical SD phenotype, and instead undergo rapid and substantial testicular growth in short daylengths (Hoffmann, 1978 (Hoffmann, , 1982 . Hamsters with paired testes masses above 100 mg were judged to be unresponsive to the short daylength (Gorman, 2001) , and data pertaining to these hamsters were excluded from the statistical analyses.
IGF-I radioimmunoassay
Serum aliquots (about 200 l) were centrifuged at room temperature (22 ± 2
• C) for 20 min at 664 g, and the serum was collected and frozen at − 80
• C until assayed for IGF-I or testosterone by radioimmunoassay. Before radioimmunoassay, IGF-I was separated from IGFbinding proteins by chromatography on a 1 × 110 cm Sephadex G-50 column equilibrated with 1 mol acetic acid l − 1 . The IGF-I peak was dried by a Speed-Vac (Savant Instruments, Farmingdale, NY), then reconstituted in assay buffer (50 mmol basic sodium phosphate l − 1 , 0.1% NaCl, 0.1% EDTA, 0.1% sodium azide, 0.02% protamine sulphate and 0.05% Tween-20 adjusted to pH 7.5 with NaOH). The IGF-I peak was analysed using a heterologous radioimmunoassay described by Chan and Spencer (1998) . The assay used anti-rat IGF-I antiserum and human IGF-I as standard and trace. The radioimmunoassay was performed at 4
• C for 16-20 h in polypropylene tubes containing 200 l standard (human IGF-I) or diluted sample in assay buffer, 200 l first antibody diluted 1:60 000 and 200 l trace containing 10 000 c.p.m. [
125 I]hIGF-I. After incubation, 100 l 1:15 dilution of goat anti-rabbit ␥-globulin, 100 l 1:200 dilution of rabbit ␥-globulin and 0.7 ml 9.14% polyethylene glycol 8000 (Sigma; pH 7.3) were added and mixed. After 15 min, the samples were centrifuged at 3000 g for 30 min at 4
• C, and the radioactivity of the pellets was counted on a Berthold Gamma Counter LB 2104 (Wallac Inc., Gaithersburg, MD). The nonspecific binding was less than 1% and the specific binding of tracer was 35-50%. The intra-and interassay coefficients of variation were 3.6 and 5.6%, respectively.
The assay was validated for Siberian hamster serum by demonstrating parallel dilution to the standard in the radioimmunoassay.
Testosterone radioimmunoassay
Testosterone was measured using a solid-phase 125 I radioimmunoassay kit (Diagnostic Systems Laboratories, Webster, TX). Serum samples were divided into 50 l aliquots into duplicate assay tubes and incubated with tracer for 1 h at 37
• C. Crossreaction of the testosterone antibody to 5␣-dihydrotestosterone was 5.8%, and the lower limit of detection was 0.08 ng ml − 1 , as reported by the manufacturer. Hamster samples containing testosterone concentrations greater than the upper limit of detectability of the assay (25 ng ml − 1 ) were re-assayed after diluting with the serum blank provided. A dilution curve of pooled hamster serum was parallel to the standard curve of the kit. Testosterone was not detected in charcoal-stripped hamster serum. Spiking the stripped and pooled serum samples with a known amount of testosterone yielded values that were within 10% of the values expected. Intra-and interassay coefficients of variation were 6.0 and 8.4%, respectively.
Statistical analysis
One-way ANOVA was used to analyse body and tissue masses and hormone concentrations. Plasma samples with undetectable testosterone concentrations were assigned the minimal detectable value of the assay (0.08 ng ml − 1 ), and any samples that were re-assayed after diluting with the serum blank that still had testosterone values greater than three standard deviations from the mean were omitted from statistical analyses. Post hoc comparisons were conducted using the Fisher protected least significant difference test where appropriate (Statview 5; SAS Institute, Cary, NC). Observed differences were considered significant if P < 0.05.
Results
Experiment 1: impact of daylength on development
Penile development and body weight. Males maintained under the LD photoperiod underwent substantial penile growth between 20 and 40 days of age (from 16.7 ± 0.6 to 38.7 ± 1.2 mg; Fig. 1a ). Adult penile masses were attained by 60 days, with no subsequent change at later ages. In sharp contrast, penile mass was arrested in males maintained in the SD photoperiod; low values of 12-15 mg were sustained from 20 to 100 days of age (Fig. 1a) . Between 100 and 120 days of age, penile mass increased from 17.0 ± 3.7 to 45.7 ± 2.1 mg, similar to the growth seen in LD males between 20 and 40 days of age. At 120 and 140 days of age, penile masses were equivalent in SD and LD males. The increase in penile mass in SD males between 100 and 120 days of age (169%) greatly exceeded the increment in body weight (58%). Similarly, the penile growth spurt in LD males from 20 to 40 days of age, a 132% increase, also exceeded the 78% increase in body weight during this period. Body weights did not differ between LD and SD males at 20 days of age but were significantly greater in the former group from 40 to 100 days of age (Fig. 1b) . Adult body weights were attained by 60 and 120 days of age, respectively, by the LD and SD males.
Testes masses. Changes in paired testes masses closely mirrored those for penile masses. The gonads of LD males grew markedly from 20 to 40 days of age, whereas those of SD males remained undeveloped to 100 days of age and grew rapidly to attain adult masses by 120 days in parallel with penile growth in these same animals (Fig. 1c) .
Ventral prostate gland and seminal vesicles. LD males attained adult ventral prostate gland masses by 60 days of age (Fig. 1d) , similar to that for the penis, testes and body masses. Ventral prostate gland growth was markedly delayed in SD hamsters; adult status was achieved at 140 days of age (Fig. 1d) . Mean ± SEM masses of (a) penis, (b) body, (c) seminal vesicle and (d) ventral prostate gland, and (e) serum testosterone concentration at 80 days of age of Siberian hamsters kept under long () and short (ᮀ) daylengths throughout gestation and after birth. Males were castrated and given either a testosterone-filled or blank capsule at 15 days of age, or sham-castrated and given a blank capsule at 15 days of age. abc Bars with different letters differ significantly from each other (P < 0.05).
Seminal vesicle masses of LD males increased in a gradual almost linear manner from 20 to 120 days of age (Fig. 1e) . The accelerated growth spurt at about 40 days of age, characteristic of all other tissues sampled, was not in evidence. In contrast, the growth pattern of the seminal vesicles of SD males was comparable to that for other androgen-dependent tissues and occurred between 100 and 140 days of age (Fig. 1e) .
IGF-I. Blood concentrations of this hormone did not differ between LD and SD males at any age and also did not change with age (Fig. 1f) . . Mean ± SEM masses of (a) penis, (b) body, (c) seminal vesicle and (d) ventral prostate gland, and (e) serum testosterone concentration at 140 days of age of Siberian hamsters kept under long () and short (ᮀ) daylengths throughout gestation and after birth. Males were castrated at 15 days of age and given either a testosterone-filled or blank capsule at 80 days of age, or sham-castrated at 15 days of age and given a blank capsule at 80 days of age. abc Bars with different letters differ significantly from each other (P < 0.05).
Experiment 2: impact of prepubertal androgens in short versus long daylengths Penile development and body weight. By 80 days of age, the penes of castrated LD and SD males treated with testosterone capsules at 15 days of age had undergone significant growth (60.8 ± 2.3 and 57.8 ± 2.4 mg, respectively), exceeding the penile masses of sham-castrated LD males (46.1 ± 3.3 mg; Fig. 2a) . In hamsters castrated pre-pubertally and not treated with androgen, penile development was arrested to the same extent, regardless of the photoperiod in which they were gestated and subsequently housed. The lack of penile development was similar to that seen in sham-castrated males kept in the short daylength (Fig. 2a) . There were no differences in body weight among any of the groups except that the SD-castrated and sham-castrated males weighed significantly less than animals in the other groups (Fig. 2b) .
Seminal vesicles and ventral prostate gland. Whereas there was virtually no seminal vesicle or ventral prostate gland growth in the absence of androgens, testosterone administration to castrated LD and SD males resulted in markedly increased seminal vesicle and ventral prostate gland masses compared with values recorded in LD sham-castrated males (Fig. 2c,d ).
Testosterone. Testosterone concentrations were significantly higher in LD sham-control males and in LD and SD males treated with testosterone capsules than in SD sham-control males and LD and SD males treated with empty capsules (P < 0.05; Fig. 2e ).
Experiment 3: impact of androgens in adulthood after juvenile castration Penile development and body weight. Males castrated as juveniles and treated with testosterone for two months beginning at 80 days of age achieved adult penile masses comparable with those of sham-operated control animals (Fig. 3a) . In the absence of testosterone treatment, penile development was arrested at the juvenile level to 140 days of age. Body weight did not differ among the groups except that the LD castrated males weighed less than the LD castrated males treated with testosterone and SD sham-castrated controls (Fig. 3b) .
Seminal vesicles and ventral prostate gland. Two months of exposure to testosterone in adulthood induced massive growth of the seminal vesicles in males castrated as juveniles and maintained in either photoperiod. Seminal vesicle masses of these groups far surpassed those of intact LD and SD controls (Fig. 3c) . In the absence of androgen replacement, the seminal vesicles in castrated males under either photoperiod were almost completely undeveloped.
Testosterone treatment in adulthood induced growth of the ventral prostate gland in males castrated as juveniles and maintained in either the long or short photoperiod. Values for these groups did not differ significantly from those of the LD and SD sham controls (Fig. 3d) . In contrast, there was virtually no growth of the ventral prostate gland in castrated animals provided with a blank capsule.
Testosterone. Testosterone concentrations were significantly higher in LD sham-control males and in LD and SD castrated males treated with testosterone capsules than in LD and SD castrates treated with empty capsules (P < 0.05; Fig. 3e ). Testosterone concentrations of SD sham-control males were significantly higher than those of both LD and SD castrated males treated with empty capsules (P < 0.05), but significantly lower than those of LD sham-control males and LD and SD males treated with testosterone capsules (P < 0.05).
Experiment 4: impact of androgens in adulthood
Penile development and body weight. Penile masses of LD males castrated as adults and treated with testosterone did not differ significantly from those of sham-castrated controls (P > 0.05; Fig. 4a ). Penile masses of males determined 60 days after castration in adulthood were substantially lower than those of intact sham-operated controls (36.7 ± 3.6 versus 58.6 ± 2.8 mg, respectively; P < 0.001; Fig. 4a ), as reported by Lerchl et al. (1993) . Body weights were similarly affected by castration; castrated males not treated with testosterone manifested a 29% decline in body weight (Fig. 4b) . The 37% decrease in penile mass attributable to castration was similar to the corresponding decrease in body weight.
Seminal vesicles and ventral prostate gland. The seminal vesicles underwent atrophy in untreated castrated males. In contrast to the other sampled tissues, seminal vesicle masses of hamsters treated with testosterone capsules in adulthood exceeded those of the shamoperated controls (420 ± 67 versus 148 ± 31 mg, respectively; P < 0.001; Fig. 4c ).
The pattern of change of the ventral prostate gland masses was similar to that for seminal vesicle masses in that the 646% decrease in ventral prostate gland masses and the 690% decrease in seminal vesicle masses of untreated castrated versus intact males far exceeded the 42% decrease in body weights and the 60% decrease in penile masses (Fig. 4d) .
Testosterone. Testosterone concentrations were significantly higher in LD castrates treated with testosteronefilled capsules compared with empty capsules (P < 0.05) but significantly lower than those of intact LD shamcontrol males (P < 0.05; Fig. 4e ).
Discussion
Daylength profoundly influences penile development in Siberian hamsters. Blood testosterone concentrations of SD males are about 20% of values in LD males from 20 to 100 days of age. SD testosterone concentrations are sufficient to inhibit gonadotrophin secretion (Simpson et al., 1982) , but fall below the threshold required for complete penile development. Failure of prepubertal penile growth in SD males reflects insufficient hormone secretion rather than a lack of tissue responsiveness to hormone, as evidenced by penile growth induced by exogenous testosterone treatment of SD males beginning at 15 days of age. In rats and Syrian hamsters, secretions of testicular androgens during prenatal and early postnatal life influence sexual differentiation and 'organize' many structures, including the penis, liver and brain (Grady et al., 1965; Swanson, 1970; Paup et al., 1974; Bardin and Caterall, 1981; Vomachka et al., 1981) . There are no comparable data for Siberian hamsters, but it seems likely that permanent changes rendered during the organizational period profoundly affect penile responsiveness to androgens at puberty and in adulthood. In rats, prenatal androgen secretion modulates expression of androgen receptors in the embryonic urogenital tract (Bentvelsen et al., 1994) and influences differentiation of male internal and external genital structures (ImperatoMcGinley et al., 1992) ; during the latter part of fetal life and in early postnatal life the testes of SD Siberian hamsters may produce sufficient androgens to sensitize the penis to testosterone later in life.
The penile development of hamsters housed under long and short daylengths mirrors the developmental trajectories of the testes, androgen concentrations, FSH concentrations, body weight and other androgen-dependent tissues (Yellon and Goldman, 1984) . Accelerated penile growth during puberty in Siberian hamsters is similar to that reported for rats (Gonzalez-Cadavid et al., 1991) , rhesus monkeys (Plant, 1988) and men (Schonfeld, 1943; Williams-Ashman, 1990) .
Prepubertal gonadectomy prevented penile development of hamsters in the present study, as reported for dogs and rodents (Beach and Levinson, 1950; Beach and Westbrook, 1968; Beach, 1970 Beach, , 1984 . Suppression of the postnatal androgen surge in infant rhesus monkeys also retards growth of the penis (Brown et al., 1999) . Penile size and intromission success are highly positively correlated in male rats castrated at various ages (Beach and Holz, 1946) . It is unknown whether the greatly reduced penile dimensions of prepubertal SD males would support male sexual behaviour.
Both prepubertal and postpubertal exogenous testosterone treatment profoundly affected the morphology of hamster penis, ventral prostate gland and seminal vesicle in the present study; testosterone or its metabolites was sufficient and may be necessary to induce and maintain adult tissue masses in hamsters housed under short and long daylengths at several ages (compare with Lerchl et al., 1993) . However, in the present study there was virtually no impact of daylength on penile growth in castrated males treated with testosterone. Capsules filled with testosterone generated testosterone concentrations within the normal physiological range, but these values were maintained ostensibly for 24 h per day, whereas in intact hamsters, testosterone is increased for 4 h per day, with much lower concentrations sustained for the remainder of the day (Hoffmann and Nieschlag, 1977) . Photoperiodic influences on penile growth may have been masked by the extended duration of testosterone treatment. In the present study, the effects of constant and prolonged exposure to testosterone early in life are reflected in the observed hypertrophy of the penes, seminal vesicles and ventral prostate glands.
Seminal vesicles of LD males castrated and provided with androgens in adulthood were substantially heavier than those of untreated intact controls. Hypertrophy of the penis was not as exaggerated as hypertrophy of the seminal vesicles. These results are congruent with continual growth of the seminal vesicles in rats and humans exposed to androgens in adulthood, and the cessation of penile growth on completion of puberty (Gonzalez-Cadavid et al., 1991) . Exposure to endogenous gonadal steroids up to 80 days of age, in conjunction with supraphysiological durations of testosterone generated by capsules from 80 to 140 days of age, probably accounted for the 184% increase in mass of the seminal vesicles compared with that of intact males. The 87% decrease in ventral prostate gland and seminal vesicles masses in LD males castrated in adulthood contrasts with the 37% decrease in penile mass and the 29% decrease in body weight; evidently, the structural features of the penis, as reflected in overall mass in adulthood, are less dependent on androgens than are several other androgen-dependent tissues. Nevertheless, testicular secretions in adulthood contribute to the maintenance of high penile masses (Lerchl et al., 1993) . A change in penile morphology after castration in adulthood is thought to contribute to a decline in sexual behaviour (Beach and Holtz, 1946) .
In the present study, adult ventral prostate gland masses in intact SD males were fivefold greater than those of SD males castrated prepubertally, but still were only 20% of the comparable masses of LD intact animals. In contrast, there were virtually no differences in seminal vesicle masses among intact SD males and castrates. These results confirm and extend earlier studies of rats in which the threshold of responsiveness to androgens was lower in the ventral prostate gland than in seminal vesicles (Moore and Price, 1937, 1938) . The SD testes of Siberian hamsters secrete sufficient androgen to produce slight trophic effects on the ventral prostate gland, but not on the seminal vesicles.
Testosterone concentrations in the present study were similar to values reported previously for LD and SD males (Jasnow et al., 2000; Bilbo et al., 2002) . The relatively low testosterone concentrations of the SD sham-control males at 140 days of age reflect the slow and gradual development of hormone secretion by the testes, which lags behind testicular growth (Schlatt et al., 1995) . The relatively high testosterone concentrations of the LD sham-control males were similar to concentrations obtained in a study in which LD males experienced restraint stress (Jasnow et al., 2000) and may have been affected by handling before surgical removal of tissues; however, these values were not observed in other similarly treated LD intact animals.
Given the robust effect of daylength on IGF-I in adult Syrian hamsters (Vaughan et al., 1994) , the absence of differences in IGF-I concentrations as a function of daylength, or in prepubertal versus post-pubertal Siberian hamster males, is surprising. The finding that IGF-I concentration did not differ in prepubertal versus post-pubertal hamsters could reflect either infrequent or inappropriate time sampling. Alternatively, IGF-I may be a permissive factor that enables penile growth during long days; in the presence of increased androgen secretion, phallic growth might not require an increase in circulating IGF-I concentration above that present during short days.
